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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: There are controversial opinions about the prognosis of the
retrieval of a separated instrument from the root canal. The aim of the study was to establish
a statistical model to predict the success rate of the retrieval of separated instruments and to
aid clinicians with decision-making.
Materials and methods: In retrospective studies, information on the tooth position, the root
canal curvature, and the depth and length of separated instruments were collected in 210 clin-
ical cases with separated instruments in the lower segments of curved root canals. The corre-
lations of these factors and the retrieval rate of separated instruments were analyzed. Two
factors with significant correlations were chosen and a regression equation was established us-
ing stepwise multivariate logistic regression analysis. In the verification study, the efficiency of
the statistical model was verified by 63 new cases.
Results: The root canal curvature and depth of the separated instruments are major factors
affecting the retrieval rate of broken instruments. The retrieval rate of separated instrumentsof Endodontics, School and Hospital of Stomatology, Wuhan University, Number 237 Luoyu Road,
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424 C. Lin et aldecreased gradually with the increase of root canal curvature or the depth of the instrument.
A regression equation was established correlating these two factors. The predicted accuracy
rate of the regression equation was 94.3% for successful retrieval, and 80.0% for failed
retrieval.
Conclusion: A statistical model relating to root canal curvature and depth of separated instru-
ments was established to evaluate the retrieval rate of separated instruments, and the result
of this formulation may provide clues for clinical decision-making.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
Instrument separation is a common complication of root
canal therapy. Literature shows the incidence rate of
fractures is w0.7e7.4% for stainless steel instruments and
about 0.4e5% for nickeletitanium instruments.1 Wu et al2
reported that the fracture rate of Protaper in 2654 pre-
pared teeth wasw2.6%. A separated instrument in the root
canal interferes with root canal cleaning, shaping, filling,
and negatively affects the patient’s experience. The ideal
solution of the problem is to remove the separated instru-
ment without any complication.3 However, the retrieval of
separated instruments is one of the most difficult opera-
tions in endodontic treatment, which is time consuming and
requires skillful operation, advanced techniques, and pro-
fessional equipment. In addition, there are considerable
risks during the retrieval process, such as ledge formation,
refracture of instruments, and perforation or vertical
cracks due to over-preparation of root canals.4e12 Previous
studies suggested that separated instruments in the lower
segment of the root canal should be treated
prudently.4,7,12e15
The retrieval rate of separated instruments is affected
by multiple factors such as the tooth position, the root
canal curvature, the depth, length, type, and material of
separated instruments.5,13,15 However, opinions on the ef-
fect of tooth position and the length of separated in-
struments are controversial.11,13,15 The depth of the
separated instrument and the root canal curvature are
considered to be related to the retrieval rate of separated
instruments, but the effect of these two factors and the
interaction relationship with the other factors are not
clear. In this study, we wanted to collect medical infor-
mation and aid dentists with decision-making before oper-
ations. The objective factors were chosen, such as tooth
position, root canal curvature, and the depth and length of
separated instruments which can be precisely collected or
measured with the help of an X-ray image. However, the
information about the type of instrument and the material
of the instruments cannot be known before the operation,
so these two factors are not appropriate to be used as ev-
idence for preoperative evaluation.
Logistic regression has been widely used in investigating
the relationship between the discrete responses and a set of
independent predictors. The statistical model established
with logistic regression can be used to quantify the effect of
each covariate and to predict the probability of success forthe given covariates. Therefore, to evaluate the retrieval
rate of the separated instruments in the lower segment of
the curved root canal precisely, the effect and the interac-
tion relationship of multiple factors on the retrieval rate are
needed to be quantified via a statistical model.
In this study, we aimed to evaluate the correlation of
retrieval rate with objective factors, such as tooth position,
root canal curvature, and the depth and length of separated
instruments via a retrospective study of clinical cases.
Furthermore, a regression equation was established via
multivariate logistic regression to quantify the influences of
multiple factors on the retrieval rate of separated in-
struments in the lower segment of the curved root canal.
Finally, the equation was verified by new clinical cases.
Materials and methods
Inclusion criteria of the patients
In the retrospective study, 192 patients including 89 males
and 103 females with separated instruments in the lower
segment of the curved root canal were recruited from the
patients who visited Xiamen Stomatological Hospital, Xia-
men, China from December 2006 to December 2010. A total
of 210 separated instruments in 203 root canals were
treated. Inclusion criteria of the patients were: (1) the top
of fracture plane was located in the lower segment of the
curved root canal; (2) the angle of the root canal curvature
was > 15; and (3) the root canal retreatment was neces-
sary for the patient.4,13 All patients were aware of the risk
of the treatment and agreed to participate in the study and
signed informed consent forms. Ethical approval was ob-
tained from the Ethics Committee of School and Hospital of
Stomatology, Wuhan University.
Preoperative measurements
Distant paralleling technique provided a reproducible po-
sition for the dental X-ray film. The tooth position was
recorded, and the angle and radius of curvature of each
root canal was measured following the methodology of
Schneider.16 The depth and length of the separated in-
struments were measured from the X-ray film. The depth of
the separated instruments was defined as the straight line
length from the root canal orifice to the fracture of the
separated instrument on the X-ray film. The preoperative
measurements were completed by one doctor.
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The separated instruments were retrieved according to the
protocol described by Suter et al3 under digital optic mi-
croscope (DOM, Leica, Wetzlar, Germany). The clinical
treatment was performed by one doctor with over> 5-years
work experience. The dentine surrounding the coronal end
of the separated fragment was removed until the instru-
ment was visible. After the separated fragment was
removed, a confirmatory radiograph was taken to reconfirm
the condition of the root canal. The criterion of successful
retrieval is that the instrument is removed completely
without any lateral piercing of the root canal. The criteria
for failed retrieval include: (1) the instrument is not
removed completely; (2) a by-pass is created and the in-
strument cannot be removed; and (3) the root canal is
perforated during retrieval treatment.
Statistical analysis
All statistical analyses were conducted using Microsoft
Excel 2007 and SAS (version 9.2; SAS Institute Inc., Cary,
North Carolina, USA). One categorical variable (tooth po-
sition) and three continuous variables (root canal curva-
ture, depth and length of separated instruments) were
chosen. Pearson Chi-square test for the categorical variable
and univariate logistic regression for the continuous vari-
ables were performed, respectively, to quantify the cor-
relation between various factors and the retrieval rate of
separated instruments. The factors that were correlated to
the retrieval rate were selected to establish a statistical
formulation via stepwise multivariate logistic analysis. In
order to assess the interaction relationship of all included
covariates, multi-collinearity of the covariates were
analyzed to avoid the negative effect on the multiple linear
regressions. The fitting effect of the regression equation
was evaluated with a Hosmer-Lemeshow test and the
robustness was assessed using area under the curve of the
receiver operating characteristic curve. Finally, a regres-
sion equation was derived based on the results of multi-
variates analysis to predict the retrieval rate.
Verification of the regression equation
To verify the regression equation, 63 new cases were
recruited. In the verification study, 60 newpatients including
27 males and 33 females with 63 separated instruments in 63
root canals were recruited from the patients in Xiamen
Hospital of Stomatology from February 2013 to November
2013. Using the double-blind method, one doctor evaluated
the tooth of the patients preoperatively, collected the data
from the X-ray film, and calculated the retrieval rate using
the statistical model; the other five doctors with > 5-years
work experience attempted to retrieve the separated in-
struments using the method which was the same as the
retrospective study. Cases with the predicted retrieval rate
higher than 50% was judged as a predicted successful case. If
the separated instrument of this case was removed suc-
cessfully, the case would be marked as correctly predicted.Otherwise, the case with the predicted retrieval rate lower
than 50% was judged as a predicted failed case. If the
retrieval was failed, the case would be marked as correctly
predicted as well.
Results
In the retrospective study, 210 cases that conformed to the
inclusion criteria were collected. Among them, 164 were
successful and 46 failed, with a retrieval rate of 78.1% (164/
210).
The relationship between the tooth position and the
retrieval rate is depicted in Fig. 1. In 210 cases, 79 out of
101 separated instruments in the upper teeth were
retrieved, with a retrieval rate of 78.2%; 85 out of 109
separated instruments in the lower teeth were retrieved,
with a retrieval rate of 78.0%. The results demonstrated
that there was no significant difference between the
retrieval rates of the upper and lower teeth (P > 0.05). The
retrieval rate of separated instruments in the anterior
teeth was 81.8% (18 out of 22 teeth); 44 out of 56 separated
instruments in the premolars were retrieved, with a success
rate of 78.6%; 102 out of 132 separated instruments in the
molars were retrieved, with a success rate of 77.3%. The
results showed that there was no significant difference
among different tooth position (P > 0.05).
The relationship between the root canal curvature and
the retrieval rate is depicted in Fig. 2, and the relationship
between the depth of the separated instrument and the
retrieval rate is shown in Fig. 3. The retrieval rate of
separated instruments decreased gradually with the in-
crease of root canal curvature. The retrieval rate of the
instruments in the root canals with a curvature angle of 15
was 98.8%, while it decreased dramatically to 15.8% when
the curvature angle was 45 (Fig. 2). Likewise, the retrieval
rate decreased gradually with an increase in depth of the
separated instrument. When the depth of the separated
instrument was > 10 mm, the retrieval rate would decrease
to 36.7% (Fig. 3). The relationship between the length of
the broken instrument and the retrieval rate is depicted in
Fig. 4. When the length of the broken instrument was
3e5 mm, the retrieval rate was 67.7%. When the length was
> 5 mm, the retrieval rate was 91.3%. Univariate logistic
regression analysis (Table 1) showed that the root canal
curvature and the depth of the separated instrument were
significantly correlated with the retrieval rate (P < 0.01).
The change of the retrieval rate was not significantly
related to the length of the instrument (P > 0.05), sug-
gesting the length of the separated instrument was not
correlated with the retrieval rate. The variance inflation
factor of the root canal curvature and the depth of the
separated instrument was 1.52 and 1.36, respectively,
implying that these two factors were appropriate for con-
ducting multivariate analysis. The multivariate logistic
analysis (Table 2) suggested that the root canal curvature
and the depth of the separated instrument were negatively
and nonlinearly related to the retrieval rate, but their
magnitudes changed. Therefore, the effect and the inter-
action relationship of multi-factors on the retrieval rate
were precisely quantified through multivariate analysis.
Figure 1 The retrieval rate of different tooth positions and different tooth types. (A) Retrieval rate of the maxillary teeth and
the mandibular teeth; (B) Retrieval rate of the incisors/canines, the premolars and the molars.
Figure 2 Retrieval rate of different curvatures of the root canals.
Figure 3 Retrieval rate of different depths of the separated instrument.
Figure 4 Retrieval rate of different lengths of the broken instrument.
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Table 1 Results of univariate analysis.
Covariate b Odds ratio 95% CI P
Cur 0.16 0.85 (0.81, 0.90) <0.0001
Depth 0.56 0.57 (0.48, 0.69) <0.0001
Length 0.08 0.92 (0.74, 1.16) 0.4811
CI Z confidence interval; Cur Z root canal curvature;
depth Z depth of broken instruments.
Table 2 Results of multivariate analysis.
Covariates b Odds ratio 95% CI std b P
Intercept 20.6683 d d d <0.0001
Cur 0.2957 0.74 (0.67, 0.83) 1.99 <0.0001
Depth 1.2158 0.30 (0.19, 0.46) 1.45 <0.0001
CI Z confidence interval; Cur Z root canal curvature;
depth Z depth of broken instruments; std b = standard b.
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variate logistic analysis:
pZ1 1½1þ exp ð20:6683 0:2957)Cur 1:2158)DepÞ ð1Þ
(more details seen in Table 2). p Z the predicted retrieval
rate; Cur Z the root canal curvature; Dep Z the depth of
broken instrument.Figure 5 Retrieval of the separated instruments from a curvat
segment of the curvature root canal. The curvature angle of the roo
7 mm. The retrieval rate calculated from the regression equation w
high. (B) The dentine above the separated fragment was removed
made to the separated instrument. (C) The separated instrument
were tried in the root canals. (D) The root canals were completelyThe result of the Hosmer-Lemeshow test showed that
the prediction and observation values of the model were
highly consistent (P > 0.05), suggesting that the fitting ef-
fect of the model was acceptable. The area under the
receiver operating characteristic was 0.9905 indicating
that this model was fitted very well with the sample data.
The results of the model diagnosis confirmed that the
model was robust, which demonstrated that the model
could discriminate the possibility of removal success from
failure (see Fig. 5).
The accuracy rate of the statistical model was evaluated
in the verification study. The data of root canal curvature
and the depth of the separated instrument were
substituted into the equation to calculate the predicted
retrieval rate of the case. In 53 cases which were predicted
to be successful, 50 cases succeeded in practice, indicating
that the accuracy rate of the prediction of successful
retrieval was 94.3%. In 10 cases which were predicted to be
failed, eight cases were failed in practice, indicating that
the accuracy rate of the prediction of failed retrieval was
80.0%.
The reasons of failure also have been analyzed. In the
retrospective study and the verification study, lateral
perforation was the main reason of failure (63.0% and
63.6%). Other reasons for failure included: (1) the in-
struments was separated again (26.1% and 18.2%); (2) the
separated instruments failed to be retrieved (8.7% and
18.2%); and (3) the separated instrument was pushed out of
the root apical foramen during the operation (2.2% only in
the retrospective study).ure root canal. (A) A separated instrument was in the lower
t canal was 31 and the depth of the separated instruments was
as 95.2%, which predicted that the successful retrieval rate was
until the instrument was visible, and a straight pathway was
was successfully retrieved, and the master gutta-percha cones
filled.
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Instrument separation is a common complication in root
canal therapy. A clinical decision on whether to retrieve the
broken instruments or not must be made by a dentist pru-
dently. For clinicians, a reasonable alternative choice of
removing the separated instruments or not must be made
under thorough consideration of the benefits and the risks
of separated instrument retrieval. The decision that must
be made mainly depends upon two factors: (1) whether the
separated instruments in the root canal will negatively in-
fluence the therapeutic effect; and (2) the success rate of
removing separated instruments. For the first factor,
McGuigan17 suggested that the separated instrument in a
tooth without apical lesions had no significant influence on
the prognosis; however, the separated instrument signifi-
cantly affected the prognosis of the tooth with apical le-
sions. For the prediction of the retrieval rate of the
separated instruments, there is no perfect theory or
method to solve this problem. Most studies suggest that the
success rate of retrieval in the upper segment or in the
straighter root canal was higher than in the lower segment
of the curved root canal.4,7,12e15 However, most of the in-
struments were separated in the apical third of root ca-
nals,2,18,19 and the curved root canal itself was one of the
most important factors for instrument separation.1,2,20e23
Accurately predicting the success rate of retrieval is
essential for clinical decision-making to deal with cases
with separated instruments in the lower segment of the
curved root canal.
Evaluating the retrieval rate scientifically is essential for
the assessment of clinical risks and for providing a reliable
evidence for the clinical decision-making. The success rate
of retrieving separated instruments is influenced byTable 3 Retrieval rate of different combinations of root canal c
from the model.a
Depth (mm)
15 16 17e20 21e24 25e28 29e32
4 >99.9 >99.9 >99.9 >99.9 >99.9 >99.8
5 >99.9 >99.9 >99.9 >99.9 >99.8 >99.4
6 >99.9 >99.9 >99.9 >99.8 >99.3 >98.0
7 >99.9 >99.9 >99.8 >99.3 >97.9 >93.6
8 >99.8 >99.7 >99.3 >97.9 >93.4 >81.4
9 >99.4 >99.3 >97.8 >93.2 >80.9 >56.6
10 >98.3 >97.7 >93.0 >80.4 >55.7 <48.4
11 >94.5 >92.8 >79.9 >54.9 <47.6 <21.8
12 >83.7 >79.3 >54.1 <46.8 <21.2 <7.7
13 >60.5 >53.3 <46 <20.7 <7.4 <2.4
14 <31.3 <25.3 <20.5 <7.2 <2.5 <0.8
Cur Z root canal curvature; depth Z depth of broken instruments.
a For convenient usage of the statistical model, the predicted retrie
the depth of the separated instruments have been calculated from t
canal curvature, increasing from 15 to > 54. The vertical title is the
14 mm. Clinicians can get the predicted retrieval rate from the tab
retrieval rate is > 0.5, the retrieval rate will be high enough to attemp
rate is < 0.5, the retrieval rate will not be high enough. In this con
instruments, instead of trying to retrieve the separated instrumentsmultiple factors, so clinical cases of large sample size were
collected to analyze the correlation between these factors
and the retrieval rate. The factors with significant corre-
lation were selected to establish a statistical model for
predicting the success rate of separated instrument
retrieval. These factors must be objective and measurable.
Based on these principles, the tooth position, the root canal
curvature, and the depth and length of the broken instru-
ment were selected as covariates in this study.
Controversies about the influence of the tooth position
and the length of the separated instrument on the retrieval
rate still exist. The result of this study showed that there
were no significant difference between the retrieval rate of
upper and lower teeth, and no significant difference among
anterior teeth, premolar, and molar. These findings are
similar to the results reported by Suter et al.3 Though some
studies indicated that the retrieval rate of separated in-
struments in molars was lower than that in anterior
teeth,12,24 the anatomical differences between anterior
and posterior teeth were ignored in these studies. Clinical
data manifested that the incidence of instrument separa-
tion was the highest in the mesio-buccal root canal of the
molar,17 but it should be noted that the incidence of cur-
vature was much higher in the mesio-buccal root canal of
molars than in anterior teeth. The results of these studies
suggest that root canal curvature instead of the tooth po-
sition might affect the success rate of separated instrument
retrieval.
Moreover, the results of this study suggest that the
length of the separated instrument insignificantly corre-
lates with the retrieval rate, consistent with previous
research.3,12,24 Hu¨lsmann and Schinkel13 reported that the
retrieval rate was the lowest when the length of the
separated instrument was 3e5 mm, but was the highesturvature and depths of the separated instruments outputted
Cur ()
33e37 38e41 42e45 46e49 50e53 54
>99.2 >97.5 >92.4 >78.8 >53.3 <45.9
>97.4 >92.1 >78.2 >52.5 <45.2 <20.2
>91.9 >77.7 >51.7 <44.5 <19.6 <7.0
>77.1 >50.8 <43.5 <19.1 <6.8 <2.2
>50.0 <42.7 <18.6 <6.6 <2.1 <0.7
<49.3 <18.1 <6.4 <2.1 <0.7 <0.2
<22.4 <6.2 <2.0 <0.7 <0.2 <0.06
<7.9 <2.0 <0.6 <0.2 <0.06 <0.02
<2.5 <0.6 <0.2 <0.06 <0.02 <0.006
<0.8 <0.2 <0.06 <0.02 <0.005 <0.002
<0.3 <0.06 <0.02 <0.005 <0.002 <0.0005
val rate of different combinations of the root canal curvature and
he regression equation in Table 3. The horizontal title is the root
depth of the separated instruments, increasing from 4 mm to >
le by measuring the curvature and the depth. If the predicted
t to retrieve the separated instruments; if the predicted retrieval
dition, a by-pass or surgery is needed to retrieve the separated
nonsurgically under a microscope.
Statistical model aiding clinical decision-making 429when the length was > 5 mm. However, McGuigan et al15
reported that there was no evidence showing that the
length of the broken instrument had a significant influence
on the retrieval rate. When the length of the separated
instrument was < 3 mm, it is easier for the doctor to
remove the resistance and the success rate of retrieval was
higher. In cases where the length of the separated instru-
ment was > 5 mm, the depth of the separated instrument
was often shallow enough for exposing the upper segment
of the separated instrument and retrieving it.
The root canal curvature and the depth of the separated
instrument were correlated with the retrieval rate signifi-
cantly. With the increment of curvature and depth, the
retrieval rate decreased significantly. This result was
similar to previous research.4,7,12e14 It was notable that
Suter et al3 found no significant differences of the retrieval
rate of the separated instruments in different positions of
the root canal, but the risk of perforation was increased
when the separated instrument was at the apical third of
the root canal. With the increment of the curvature of the
root, to expose and retrieve the separated instruments is
getting harder and harder. In a curved root canal, it is
common to see the separated instruments self-locked in
the root and an excess of dentin needs to be removed to
build the access pathway. As a result, complications, such
as lateral perforation and root fractures increased and the
success rate of retrieval decreased. The results of this
study showed that the root canal curvature and the depth
of the separated instrument were significantly correlated
to the retrieval rate, and the multi-colinear diagnostic re-
sults showed that these two factors are not significantly
correlated. Also, from a clinical point of view, both factors
are independent and not affected by each other. Thus, the
root canal curvature and the depth of separated in-
struments were the appropriate factors to predict the
retrieval rate.
To ensure reliability, this statistical model was evalu-
ated and diagnosed. The results showed that the model was
robust and the effect of sample data fitting was good. An
additional 63 new clinical cases were used to verify the
evaluation efficiency of the model. The results showed that
the accurate rates of the successful and failed retrieval
predictions were both acceptable, suggesting that the
evaluation efficiency of the model was reliable. For
convenient usage of the statistical model, the predicted
retrieval rate of different combinations of the root canal
curvature and the depth of the separated instruments have
been calculated using the regression equation (Table 3).
The clinicians can find out the retrieval rate directly by
measuring the curvature and the depth, and get a refer-
ence to use in decision-making.
In conclusion, the tooth position and the length of the
separated instrument are not significantly correlated with
the retrieval rate of separated instruments in the lower
segment of curved root canals. The root canal curvature
and the depth of separated instruments are the main fac-
tors affecting the retrieval rate of separated instruments in
the lower segment of curved root canals, and a regression
equation has been established to predict the retrieval rate.
The retrieval rate of the separated instruments can be
predicted scientifically using a regression equation to aid
clinical decision-making.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.Acknowledgments
We thank Zhi-qun Chen and Jun-quan Shao for their
essential clinic works, Jiang-wu Yao for sharing his research
experience with us, and Qing Li for great support.References
1. McGuigan MB, Louca C, Duncan HF. Endodontic instrument
fracture: causes and prevention. Br Dent J 2013;214:341e8.
2. Wu J, Lei G, Yan M, Yu Y, Yu J, Zhang G. Instrument separation
analysis of multi-used protaper universal rotary system during
root canal therapy. J Endod 2011;37:758e63.
3. Suter B, Lussi A, Sequeira P. Probability of removing fractured
instruments from root canals. Int Endod J 2005;38:112e23.
4. Ward JR, Parashos P, Messer HH. Evaluation of an ultrasonic
technique to remove fractured rotary nickel-titanium end-
odontic instruments from root canals: an experimental study. J
Endod 2003;29:756e63.
5. Madarati AA, Hunter MJ, Dummer PM. Management of intra-
canal separated instruments. J Endod 2013;39:569e81.
6. Yoldas O, Oztunc H, Tinaz C, Alparslan N. Perforation risks
associated with the use of Masserann endodontic kit drills in
mandibular molars. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2004;97:513e7.
7. Souter NJ, Messer HH. Complications associated with fractured
file removal using an ultrasonic technique. J Endod 2005;31:
450e2.
8. Madarati AA, Qualtrough AJ, Watts DC. Factors affecting
temperature rise on the external root surface during ultrasonic
retrieval of intracanal separated files. J Endod 2008;34:
1089e92.
9. Madarati AA, Watts DC, Qualtrough AJ. Opinions and attitudes
of endodontists and general dental practitioners in the UK to-
wards the intracanal fracture of endodontic instruments: part
2. Int Endod J 2008;41:1079e87.
10. Madarati AA, Qualtrough AJ, Watts DC. A microcomputed to-
mography scanning study of root canal space: changes after
the ultrasonic removal of fractured files. J Endod 2009;35:
125e8.
11. Madarati AA, Qualtrough AJ, Watts DC. Vertical fracture
resistance of roots after ultrasonic removal of fractured in-
struments. Int Endod J 2010;43:424e9.
12. Shen Y, Peng B, Shun-pan G, Chueng GS. Factors associated
with the removal of fractured NiTi instruments from root canal
systems. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2004;98:605e10.
13. Hu¨lsmann M, Schinkel I. Influence of several factors on the
success or failure of removal of fractured instruments from the
root canal. Endod Dent Traumatol 1999;15:252e8.
14. Ruddle CJ. Nonsurgical retreatment. J Endod 2004;30:827e45.
15. McGuigan MB, Louca C, Duncan HF. Clinical decision-making
after endodontic instrument fracture. Br Dent J 2013;214:
395e400.
16. Schneider SW. A comparison of canal preparations in straight
and curved root canals. Oral Surg Oral Med Oral Pathol 1971;
32:271e5.
17. McGuigan MB. The impact of fractured endodontic instruments
on treatment outcome. Br Dent J 2013;214:285e9.
430 C. Lin et al18. Iqbal MK, Kohli, Kim JS. A retrospective clinical study of inci-
dence of root canal instrument separation in an endodontics
graduate programme: a PennEndo database study. J Endod
2006;32:1048e52.
19. Tzanetakis Giorgos N. Prevalence and management of instru-
ment fracture in the postgraduate endodontic program at the
dental school of Athens: a five-year retrospective clinical
study. J Endod 2008;34:675e8.
20. Peters OA. Current challenges and concepts in the preparation
of root canal systems: a review. J Endod 2004;30:559e67.
21. Zelada G, Varela P, Martı´n B, Bahı´llo JG, Maga´n F, Ahn S. The
effect of rotational speed and the curvature of root canals onthe breakage of rotary endodontic instruments. J Endod 2002;
28:540e2.
22. Grande NM, Plotino G, Pecci R, Bedini R, Malagnino VA,
Somma F. Cyclic fatigue resistance and three-dimensional
analysis of instruments from two nickel-titanium rotary sys-
tems. Int Endod J 2006;39:755e63.
23. Cheung GS. Instrument fracture: mechanisms, removal of
fragments, and clinical outcomes. Endod Topics 2009;16:1e26.
24. Cuje´ J, Bargholz C, H}ulsman M. The outcome of retained instru-
mentremoval ina specialistpractice. IntEndodJ2010;43:545e54.
